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MOTION VECTOR DETECTION USING
HIERARCHICAL CALCULATION

BACKGROUND OF THE INVENTION

1. Field of The Invention

This invention relates to a device for detecting an amount
of movement and a method of detecting an amount of
movement, and more particuiarly, 10 a device and a method
which respectively hierarchize two image data different in
time when detecting the movement of an 1mage and then
detect the amount of movement.

2. Description of The Related Art

It is known in the processing of motion pictures to employ
the direction of movement and the magnitude (or speed) of
an object 1n the 1mages different 1n the amount of movement
(motion vector), i.e., time. The amount of movement 1s used,
for example, in the motion compensation interframe coding
in high-etficiency picture coding or in the movement-based
parameter control of a television notse reduction device
using an interframe time regional filter. As an amount-oi-
movement detection method of obtaining an amount of
movement of this image, there has been employed a block

maiching method (Japanese Patent Publication No.
54-124927).

In this block matching method, an image 1s first divided
into blocks comprising several suitable pixels. Between the
image data blocked in this way and a search region in which
the image data of a screen different in {ime 1s blocked to
search for a region that the blocked image data have moved,
the two image data are evaluated at a pixel unit with a
predetermined evaluation function, and the amount of move-
ment between the two sets of blocked image data is detected
by obtaining an optimum value giving the minimum evalu-
ation value. Thereby, the amount of movement of an image
can be detected with a high degree of accuracy.

However, it 1s necessary, in the block matching method to
completely search all of the search regions, which becomes
a range of detection, over all of the pixels of a block of an
object of detection and to obtain the difference. For this
reason, there 1s the problem that the amount of calculation
for detecting an amount of movement becomes large, the
device itself 1s increased in size, and the time of operation
becomes longer.

SUMMARY OF THE INVENTION

In view of the foregoing, an object of this invention 1s to
provide an amount-of-movement detection device and an
amount-of-movement detection method which are capable
of enhancing the accuracy in the detection of an amount of
movement, when the amount of movement 1s detected with
the hierarchized image data by a block matching method.

The foregoing object and other objects of the invention
have been achieved by the provision of a motion vector
detection device for detecting a motion vector between a
base image and a reference image, comprising: a means for
outputting a base-lower hierarchical image data having a
resolution higher than that of the base image; a means for
outputting a base higher hierarchical image data having a
resolution lower than that of the base lower hierarchical
image data of the base 1mage; a means for outputting a
reference lower hierarchical image data having a resolution
higher than that of the reference image; a means for out-
putting multiplexed reference data multiplexing reference
higher hierarchical image data having a resolution lower
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than that of the reference lower hierarchical image data with
other reference higher hierarchical image data; a first motion
vector detecting means for detecting a motion vector
between the base image and the reference 1mage, according
to the base higher hierarchical image data and the multi-
plexed reference data; and a second motion vector detecting
means for detecting a motion vector between the base 1mage
and the reference image based on the motion vector obtained
by the first motion vector detecting means, according to the
base lower hierarchical image data and the reference lower
hierarchical 1image data.

In this invention, the motion vector detection device
further comprising: a means for generating base lower
hierarchical activity data representing the activity of the base
lower hierarchical image data, and base higher hierarchical
activity data representing the activity of the base higher
hierarchical image data; and a means for generating refer-
ence lower hierarchical activity data representing the activ-
ity of the reference lower hierarchical image data, and
multiplexed reference activity data representing the activity
of the multiplexed reference data: wherein the first motion
vector detecting means detects a motion vector between the
base 1mage and the reference 1mage, according to the base
higher hierarchical activity data and the multiplexed refer-
ence activity data, and the second motion vector detecting
means further detects a motion vector between the base
image and the reference 1mage, according to the base lower
hierarchical activity data and the reference lower hierarchi-
cal activity data.

Further, 1n this invention, the motion vector detection
device wherein: the means for outputting multiplexed ref-
erence data selects the data corresponding to the intermedi-
ate position of the data adjusting to the reterence higher
hierarchical image data each other in oblique direction, of
the 1mage data of the reference image whose hierarchy 1s
lower than the reference higher hierarchical image data, to
multiplex the same with the reference higher hierarchical
image data.

Furthermore, in this invention, the motion vector detec-
tion device wherein: the means for outputting multiplexed
reference data selects the data corresponding to the inter-
mediate position of the data adjusting each other 1n lateral
direction and oblique direction of the reference higher
hierarchical image data, to multiplex the same with the
reference higher hierarchical image data.

According to this invention, the image data of plural
hierarchies having different resolutions is formed from an
input image input at a first point in time, and also the
multiplexed image data of a higher hierarchy of low reso-
lution 1s formed by selecting, based on an input image nput
at a second point in time, pixels overlapping with each other
from the 1mage data of the lower hierarchy of high resolution
and reducing them in size and furthermore a motion vector
1s detected at a predetermined block unit for each hierarchy
by block matching with respect to the hierarchized image
data and the multiplexed, hierarchized image data. There-
fore, an amount-of-movement detection device such that,
even if the phase of the block used in the block matching
according to the input image changes, the erroneous opera-
tion in the higher hierarchy can be avoided and the accuracy
in the detection of the amount of movement by hierarchical
block matching can be enhanced, can be realized.

Also, according to this invention, in addition to this, the
activity data of plural hierarchies representative of the
high-frequency component of the image data is formed for
the input 1mage input at a first point in time and the input
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Image input at a second point in time, and the motion vectior
1s detected by making reference to the evaluation value
obtained with the activity data by block matching. There-
fore, accuracy in the detection of the amount of movement
can be further enhanced.

The nature, principle and utility of the invention will
become more apparent from the following detailed descrip-
tion when read in conjunction with the accompanying draw-
ings in which like parts are designated by like reference
numerals or characters.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

F1G. 1 1s a block diagram showing an embodiment of an
amount-of-movement detection device of this invention:

FIGS. 2A and 2B are schematic diagrams explaining how
second hierarchical image data of the nth frame is generated;

FIGS. 3A and 3B are schematic diagrams explaining third
hierarchical image data of the nth frame and (n-1)th frame;

'FIGS. 4A and 4B are schematic diagrams explaining how
the second hierarchy image data of the (n-1)th frame is
generated;

FIGS. 5A and 5B are schematic diagrams explaining the
case in which an edge and a block coincide with each other
after hierarchization;

FIGS. 6A and 6B are schematic diagrams explaining the
case in which an edge and a block that do not coincide with
each other after hierarchization;

FIG. 7 1s a block diagram showing the construction of an
‘amount-of-movement detection circuit of this invention:

FIG. 8 is a schematic diagram explaining the third hier-
archical image data of a first embodiment of this invention;

FIG. 9 is a schematic diagram explaining the third hier-
archical image data of a second embodiment of this inven-
tion;

FIG. 10 1s a schematic diagram explaining the third

hierarchical image data of a third embodiment of this
1nvention;

FIG. 11 1is a block diagram showing the construction of an
amount-of-movement detection circuit of a third embodi-
ment of this invention;

FIGS. 12A, 12B, 13A, and 13B are schematic diagrams
explaining a hierarchical image of a fifth embodiment of this
invention;

FIG. 14 is a flowchart showing amount-of-movement
detection processing procedure of the fifth embodiment:

FIG. 15 is a block diagram showing an amount-of-
movement detection device of the fifth embodiment;

FIGS. 16A and 16B are diagrams explaining the third
hierarchical activity data of the nth and (n-1)th frames; and

F1G. 17 1s a block diagram showing the construction of an
amount-of-movement detection circuit in the amount-of-
movement detection device of the fifth embodiment.

DETAILED DESCRIPTION OF THE
EMBODIMENT

Preterred embodiments of this invention will be described
with reference to the accompanying drawings:

(1) First Embodiment

In FIG. 1, reference numeral 1 denotes an amount-of-
movement detection device, which generate a plurality of
hierarchical data having different resolution for image data
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4

of a current frame by a hierarchy processing section 1A and
a plurality of hierarchical data having different resolution for
image data of one frame previous to the current frame by a
hierarchy processing section 1B.

The amount-of-movement detection device 1 uses hier-
archical data generated at different times by hierarchy pro-
cessing sections 1A and 1B to obtain an amount of move-
ment for each hierarchy by a block matching method by an
amount-of-movement detection section 1C. At this time, the
amount-of-movement detection section 1C obtains a final
motion vector MV of a first hierarchy with a smaller amount
of operation by obtaining an amount of movement in order
from a higher hierarchy and also obtaining an amount of
movement in a lower hierarchy, based on the amount of
movement obtained in the higher hierarchy.

In addition to this, in the amount-of-movement detection
device 1, accuracy in the detection of motion vector can be
enhanced by generating multiplexed data as higher hierar-
chical data, as will be described later, and by obtaining an
amount of movement in a higher hierarchy by using this
multiplexed higher hierarchical data.

In fact, the amount-of-movement detection device 1
receives a luminance signal of a component signal from an
input terminal as first hierarchical image data (base data) S1,
and supplies it to a memory 2 of the hierarchy processing
section 1A.

The output signal of the memory 2 is supplied to a second
hierarchical data generation circuit 3, which generates sec-
ond hierarchical image data S2, from the first hierarchical
image data S1,. One pixel of the second hierarchical image
data S2,, for example, is generated by averaging the image
data of a small region of 2 pixelsx2 lines in the first
hierarchical image data S1,..

More particularly, as shown in FIG. 2A, when each pixel
of the first hierarchical image data S1, in the nth frame is
Xn(a, b), the second hierarchical data generation circuit 3
calculates each pixel Yn(a, b) of second hierarchical image
data S2, as shown in FIG. 2B by the following equation:

Yn(l,1)=Xn(1,1)+Xn(2,1)+Xn(1,2)‘|'Xn(2,2)

Yn (2,1 “*n(3, 1)+Xn(4, 1)+Xn[3,2)+Xn(4.2)

Y n(l ,2): n(l ,3)+Xn (2,3)+Xn( 1 ,4)+Xn (2,4)

¥2.27Kn 3,3y X s 35t X n 3,0y H K n(a ) (1)

The second hierarchical data generation circuit 3 gener-
ates the second hierarchical image data S2_ over all of the
supplied nth-frame data. The output signal of the second
hierarchical data generation circuit 3 is supplied to a
memory 4. The output signal of the memory 4 is supplied to
a third hierarchical data generation circuit 5, which gener-
ates third hierarchical image data S3, from the second
hierarchical image data S2,. One pixel of the third hierar-
chical image data S3,, for example, is generated by aver-
aging the 1mage data of a small region of 2 pixelsx2 lines of
the second hierarchical image data S2,.

More particularly, the third hierarchical data generation
circuit 5 calculates each pixel Z,,, ,,, of the third hierarchical
image data S3,, such as that shown in FIG. 3A, from each
pixel Y, ,, of the second hierarchical image data S2_in the
nth frame, such as that shown in FIG. 2B, by the following
equation:

Zp.17 e,y Y, 2.t na.2 Y ne 2

21— 2310 Y na, 1yt ne 2yt Yo
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2127 n1 3y Yz 3yt Y n ayt Y nzay

L2227 (2)

23,3y Va5t Y na.ayt Vnga )

The third hierarchical data generation circuit 5 generates the
third hierarchical image data S3, over all of the supplied
nth-frame data. The output signal of the third hierarchical
data generation circuit 5 is supplied to a memory 6.

On the other hand, the first hierarchical image data S1,
comprising input image data 1s also supplied to a delay
circuit 7 of the hierarchy processing section 1B. The delay
circuit 7 stores the first hierarchical image data S1, of one
frame. Therefore, the delay circuit 7 sends to a memory 8
first hierarchical image data S1,_; of one frame previous to
current frame data.

The first hierarchical image data S1, , of one frame
previous that 1s output from the memory 8, 1s supplied to a

second hierarchical data generation circuit 9. The second
hierarchical data generation circuit 9 is identical in construc-

tion to the above-described second hierarchical data genera-
tion circuit 3 and generates second hierarchical image data
S2, _, of one frame previous from the supplied first hierar-
chical image data S1,_, of one frame previous. For example,
as shown in FIGS. 4A and 4B, when each pixel of the first
hierarchical image data S1,_, in the (n-1)th frame is X,_,,.
»), the second hierarchy data generation circuit 9 calculates
each pixel Y, ., ;, of the second hierarchical image data
S2 _, by the following equation:

Y1017 K101, K 1217 K 11 2y K 12,2
Y1217 %103, 8 14, 17 K 13 2y K- 14.2)

Y, 127 K103y 8 12,3y F X 10,0y -1 2.9

(3)

Yn——I(Z,Z):X ~1(3,3)+X —1(4,3)+X -1(3,4)+X —-1(4,4)

The second hierarchical data generation circuit 9 gener-
ates the second hierarchical image data S2,_, over the whole
of the supplied image data of one frame previous. The output
signal of the second hierarchical data generation circuit 9 is
supplied to a memory 10. The output signal of the memory
10 1s supplied to a third hierarchical data generation circuit
11, which generates third hierarchical image data S3,,_; of a
frame previous to the second hierarchical image data S2,_,
of a previous frame.

That 18, when each pixel of the second hierarchical 1mage
data S2,_, in the (n-1)th frame, such as that shown in FIG.
4B,18 Y,_; .. ») the third hierarchical data generation circuit
11 calculates each pixel Z,_; ., , of the third hierarchical
image data of the (n-1)th frame, such as that shown in FIG.
3B, by the following equation:

Y 10,07K 10,0y 1217 K 11 2y 12,2
Y1017 X160 -1,y K 13 2 142y

Y 10127 101,37 A n-12.35 -1 (1,47 S n— 12,4

(4)

YHHI(Z,E}=XH-~1(3,3}+X —1(4,3)+X —-1(3,4)+X --1(4,4)

In addition to this, the third hierarchical data generation
circuit 11 also generates third hierarchical image data dif-
ferent in phase from the third hierarchical image data Z,,_, .
p) obtained by Equation (4). That is, the third hierarchical
data generation circuit 11 calculates pixels adjacent in the
verfical and hornzontal directions to each pixel of normal
third hierarchical image data, shown in FIG. 3B, such as
pixels Z, i1s, 1y Zu1g, 15y A Z, 145 15 Dy the
tollowing equation:

10

15

20

25

30

35

40

45

30

55

60

63

6

Zp a5 1.y 1.9 12t Y 13.2)

Z, 1, 1.5):Yn—1(1,2)+Yn—1(2,2}+Yn~1(1,3}+Yn—1(2,3}

(5)

Zﬂ—l(1.5,I.S}ZYH—1(2,2)+Yn~—1(3,2)+Yn—1(2.3}+ Yn-1(3.3)

That is, the third hierarchical data generation circuit 11
also generates third hierarchical image data (Z,_, 1.5

s, 1 Lne115, 1.5y CIC.), different in phase from normal
third hierarchical image data, by selecting the pixel of
second hierarchical image data S2,_, overlapping with the
pixel of second generating normal third hierarchical image
data (Z,_1¢1, 1y Zn—101, 25 Ln12, 1y Ln—102, 2y CIC.).

The third hierarchical data generation circuit 11 therefore
generates normal third hierarchical image data and normal
third hierarchical data different in phase over all of the
supplied frame data of the previous frame. Multiplexed third
hierarchical image data S3,_, is generated 1n this way. The
output signal of the third hierarchical data generation circuit
11 is supplied to a memory 12.

In this embodiment, the amount-of-movement detection
section 1C, by fixing a block of the current frame (herein-
after referred to as a reference block) and moving a block of
the previous frame (hereinafter referred to as a candidate
block) within a predetermined search range, 15 made to
detect a motion vector, based on the position at which the
candidate block most similar to the reference block was
detected.

In fact, the amount-of-movement section 1C first reads
the third hierarchical image data S3, of the current frame
stored in the memory 6, and the multiplexed third hierar-
chical image data S3, , of the previous frame stored in the
memory 12, using a memory control circuit 13. When this
occurs, a block address whose vector is now calculated is
sent from the memory control circuit 13 to the memory 6
and, consequently, a predetermined block of the third her-
archical image data S3,, 1s output as a reference block from
the memory 6 to a third hierarchy amount-of-movement
detection circuit 14.

On the other hand, a block address whose position has
been moved within the predetermined search range with
respect to the block address to the memory 6 is sent from the
memory control circuit 13 to the memory 12 and, conse-
quently, the third hierarchical data S3, ; corresponding to
the supplied block address is output from the memory 12 to
the third hierarchy amount-of-movement detection circuit
14.

The third hierarchy amount-of-movement detection cir-
cuit 14 obtains a motion vector in the third hierarchy by a
block matching method. The third hierarchy amount-of-
movement detection circuit 14 first adds the difference in
absolute value between the pixels of blocks corresponding to
the nth and (n-1)th frames, and detects the amount of
1ovement in the third hierarchy by using the added value as
a parameter and finding a parameter whose added value
becomes minimum,.

In other words, for a block of a size of M pixelsXN lines
which is set at a position spatially corresponding to the nth
frame and the (n-1)th frame, the third hierarchy amount-of-
movement detection circuit 14 performs pattern matching
between the block 1n the nth frame and the block offset in the
(n-1)th frame from the position spatially corresponding to
the block of the nth frame by the predetermined search
range, and then detects the most similar block.

At this time, a sum of differences 1n absolute value
between corresponding pixels within a block is used as an
evaluation value. Concretely, when each pixel level of the

third hierarchy of the nth frame 1s Z,,; ,, each pixel levei of
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the third hierarchy of (n-1)th frameis Z,_,; 7> and the block
size 1n the third hlerarchy is P pixelsxQ lines, the evaluation
value E(X, Y) in coordinates (X, Y) is calculated by the
following equation:

P-1 -1
E(X Y)“ IE{] ;:Z() Izn(:,ﬁ Zﬂ—*l(ﬁx,}-{-}']!

On the one hand, in the block matching method using a
conventional hierarchical structure, when the search range
of base data is (16, £16), the search range in the third
hierarchy becomes (¥4, t4), and, by changing the offset
coordinates (X, Y) one by one from —4 up to +4, the
evaluation value is calculated to determine the amount of
movement.

On the other hand, in the amount-of-movement detection
device 1 of this embodiment, in the third hierarchical image,
the amount-of-movement detection of one-pixel accuracy by
conventional block matching is not performed but the
amount of movement is detected with 0.5-pixel accuracy.
That is, in the amount-of-movement detection device 1, the
olfset coordinates (X, Y) are changed 0.5 by 0.5 from —4 up
to +4 and the evaluation value is calculated to determine the
amount of movement.

Concretely, when the block size in the third hierarchy is

2X2 and the elements in the nth frame are Z,,; |, L2, 1y
, and Zﬂ(2 2y the evaluation value in the offset coordi-
nates (X Y) 1s calculated by the following equation:

Ew.07Vn0, 1y Zn1a.H 12, ey 2,0 25X ) 2,
25Lp-12.2)

E0.5,07 21,1y Zn 1015, 2 1y Zn 125,15 1 2) ~Zn 115y l+

rzn(Z,_‘?.} Z 1(2.5,2)'

E(n,u.ﬁ)":lzn(l,n“"zn—l(1,1.5)|+|Z n2 1y Ln-12.1.5HZ o1 2y ~Z,, “1c1,2.5H
Izﬂ(Z,Z)_zn—l(Z,Z.S)I

E(ﬂ.ﬁ,ﬂ.5)=lzﬂ(1,1)_21'1—1(1.5,1.5)l+lzﬂ(2,1]_zﬂ—l(2.5,1 5)]+[z n(l.2) Z
1(1.5,2.5)|+|Zn(2'2}~zﬂ“1(2_52_5)!

(7)

Note that, the dataof Z,_, , ., use the data generated by the
above-described third hierarchical data generation circuit 11.

Thereby, the error in the detection of the amount of
movement caused by a reduction in the amount of informa-
tion in a higher hierarchy can be reduced in the amount-of-
movement detection device 1.

For example, as shown in FIGS. 5A and 5B, if white and
black stripe images of a 4-pixel width were in the first
hierarchical image (base image), when the edges of these
stripe images correspond to the block boundaries of the
hierarchy in a hierarchical block matching method, they
become white and black stripe images of a 1-pixel width and
sufiicient data remains.

However, as shown in FIGS. 6A and 6B, when this first
hierarchical image moves laterally by two pixels after one
frame in a conventional hierarchical block matching
method, the stripes are lost completely in the third hierarchy
and become a monochromatic image of gray, because the
block boundary of the hierarchy is shifted to the center of the
stripe. In this case, the data of the first hierarchy is lost
completely. Thus, on the one hand, in the detection of the
amount of movement of a higher hierarchy by a conven-
tional hierarchical block matching method, when the phase
of the block changed according to the movement of an
image, the detail is completely changed in an image shrunk
after hierarchization and, in some cases, it becomes impos-
sible to calculate accurate pattern matching, i.e., an accurate
amount of movement.

On the other hand, the amount-of-movement detection
device 1 of this embodiment, by overlapping and selecting
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image data of a lower hierarchy and generating multiplexed
image data S3,_; of a higher hierarchy, can prevent a
reduction in the amount of information in the higher hier-
archy and enhance accuracy in the detection of the amount
of movement even if the phase of the block changed
according to the movement of an image.

The third hierarchy amount-of-movement detection cir-
cuit 14 is constructed as shown in FIG. 7. The third
hierarchical image data S3, read from the memory 6 in
accordance with the block address from the memory control
circuit 13 is input to the third hierarchy amount-of-move-
ment detection circuit 14 as a reference block which
becomes a standard for obtaining the amount of movement.

The third hierarchical image data S3, _, cut from positions
moved 0.5 pixel by 0.5 pixel within a search range in
accordance with the block address from the memory control
circuit 13 is also input as a candidate block to the third
hierarchy amount-of-movement detection circuit 14.

For example, when the search range in the third hierarchy
18 (¥4, ¥4), block data of ((4+3)x2+1)x((4+3)x2+1) is input
trom the memory 12. Hence, in a normal search of one pixel
offset (one-pixel accuracy), block data of (4x2+1)x(4x2+1)
is output for a search range of (34, +4) from the memory 12.
The block data output from the memory 6 is supplied
through a register 31 to an adder 33 and, also, block data
output from the memory 12 is supplied through a register 32
to the adder 33.

In the adder 33, a difference between the pixels respec-
tively corresponding to the block data of third hierarchical
image data S3,, and the block data of third hierarchical image
data 83, , corresponding to third hierarchical image data
S3,, is obtained. After the difference data for each pixel has
been absolutized by an absolutizing circuit 34, the absolu-
tized data 1s accumulated in an adder 35 and a register 36.
The operation of Equation (7) is executed in this way, and
the resultant evaluation value (accumulated value) is input to
an evaluation value memory 37.

Therefore, in the evaluation value memory 37, there is
formed an evaluation value table in which evaluation values
respectively corresponding to the moving positions that a
candidate block is moved at a unit of 0.5 pixel are stored.
The evaluation values stored in the evaluation value memory
37 are read in sequence according to an address specified by
an evaluation value memory control circuit 38 and is sup-
plied to a comparator 40 and a register 41.

The comparator 40 compares the other input thereof with
the evaluation value read by the evaluation value memory 37
and, when the input evaluation value is smaller, it outputs a
signal for updating the contents of registers 41 and 42.
Addresses for reading the evaluation value memory 37 are
set in sequence to this register 42. The evaluation values
stored 1n sequence in the evaluation value memory 37 in this
way are evaluated, an address giving the minimum of the
evaluation value 1s sent from the register 42, and this is
supplied as a motion vector of the third hierarchy to a
memory control circuit 15 of the second hierarchy.

The memory control circuit 15, as shown in FIG. 1,
outputs a block address for reading the pixel data of an
attention block whose amount of movement is now detected
from the memory 4 in which second hierarchical image data
52, have been stored. As a result, the pixel data read from
the memory 4 is supplied to a second hierarchy amount-of-
movement detection circuit 16.

On the other hand, the memory control circuit 15 outputs
a block address to the memory 10 in which the second
hierarchical image data S2,_, has been stored. This block
address is an address for reading, from the memory 10, the




5,610,658

9

image data corresponding to the block of the second hier-
archlcal image data S2, read from the memory 4, with an
offset of one pixel unit within a predetermined search range.
At this time, the search range is (+1) from a position ofiset
by the amount that the amount of movement in the third
hierarchy obtained in the third hierarchy amount-of-move-
ment detection circuit 14 is converted to the scale of the
second hierarchy.

The second hierarchy amount-of-movement detection cir-
cuit 16 is identical in construction with the third hierarchy
amount-of-movement detection circuit 14 (FIG. 7) and cal-
culates an accumulative addition value of the absolute value
of a difference between corresponding blocks supplied from
the memories 4 and 10. An offset amount whose accumu-
lative addition value becomes minimum is assumed to be the
amount of movement in the second hierarchy. The second
hierarchy amount-of-movement detection circuit 16 adds
this amount of movement in the second hierarchy and the

amount of movement in the third hierarchy converted to the
scale of the second hierarchy, and this 1s output as the

amount of movement in the second hierarchy to a memory
control circuit 17.

The memory control circuit 17 outputs a block address for
reading the pixel data of an attention block whose amount of
movement is now detected from the memory 2 in which the
first hierarchical image data S1, have been stored. As a
result, pixel data read from the memory 2 1s supplied to a
first hierarchy amount-of-movement detection circuit 18.

On the other hand, the memory control circuit 17 outputs
a block address to the memory 8 in which the first hierar-
chical image data S1,_, have been stored. This block address
1§ an address for reading, from the memory 8, the pixel data
corresponding to the block of the first hierarchical image
data S1, read from the memory 2, with an offset of one pixel
unit within a predetermined search range. At this time, the
search range is (+1) from a position offset by the amount that
the amount of movement in the second hierarchy obtained in
the second hierarchy amount-of-movement detection circuit
16 1s converted to the scale of the first hierarchy.

The first hierarchy amount-of-movement detection circuit
18 is also identical in construction with the third hierarchy
amount-of-movement detection circuit 14 (FIG, 7) and cal-
culates an accumulative addition value of the absolute value
of a difference between corresponding blocks supplied from
the memories 2 and 8. An offset amount whose accumulative
addition value becomes minimum is assumed to be the
amount of movement in the first hierarchy. The first hierar-
chy amount-of-movement detection circuit 18 adds up this
amount-of-movement 1n the first hierarchy and the amount
of movement in the second hierarchy converted to the scale
of the first hierarchy, and this is obtained as a final amount
of movement in the first hierarchy.

The amount of movement in the first hierarchy calculated
in this way is an amount of movement MV which 1s an
object of detection, and the amount-of-movement detection
device 1 outputs the amount of movement of an attention
block thus caiculated through its output termuinal.

In the above-described construction, the amount-of-
movement detection device 1, when obtaining the third
hierarchical image data which is the highest hierarchy,
generates a normal average value pixel such as that shown
by “®” in FIG. 8 by averaging a plurality of pixels of the
second hierarchical image data. In addition to this, the
device 1 also generates an average value pixel shown by “_”
1n FIG. 8 by selecting and averaging the pixel of the second
hierarchical image data overlapping with the pixel of the
second hierarchical image data used when generating the
normal average value pixel shown by “(®”.
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With the average value pixels shown by “(®” and *_”, the
amount-of-movement detection device 1 detects the amount
of movement 1n the third hierarchy not with one-pixel
accuracy of the prior art but with 0.5-pixel accuracy. As a
result, a change in the phase between hierarchies that 1s
caused by a herarchical block matching method can be
reduced and therefore an error in the detection of the amount
of movement in the third hierarchy can be reduced. There-
fore, the final accuracy in the detection of the amount of
movement 1n the first hierarchy can be greatly enhanced.

Hence, if the third hierarchy is thus multiplexed and the
amount of movement of 0.5-pixel accuracy 1s detected, the
detection of the amount of movement of the third hierarchy
requires about 4 times amount of movement of calculation
as the detection of the amount of movement of one-pixel
accuracy. However, since the block size of the third hierar-
chy is Y4 of that of the second hierarchy, the overall amount

of calculation i1s not much increased even if the amount of
calculation in the third hierarchy is increased.

According to the above-described construction, higher
hierarchical image data multiplexed is generated by select-
ing pixels overlapping with each other from lower hierar-
chical image data and obtaining an average value thereof
and, in that higher hierarchical data, the amount of move-
ment 1s detected with accuracy finer than one-pixel accuracy.
Thereby, an amount-of-movement detection device 1 which
1s capable of greatly enhancing accuracy in the detection of
the amount of movement, can be realized.

(2) Second Embodiment

While 1n the above-described first embodiment the pixel
marked 7 adjacent 1n the vertical, horizontal, and oblique
direcitons around the pixel marked “(®” has been generated
in addition to the normal pixel of the third hierarchy marked
“@7 of FIG. 8 by selecting pixels overlapping with each
other from the pixels of the second hierarchical image data
and obtaining an average value thereof, in this second
embodiment the pixel marked “_.” adjacent in the oblique
direction of the pixel marked “(®” is generated in addition
to the normal pixel of the third hierarchy marked “®” by
selecting pixels overlapping with each other from the pixels

of the second hierarchical 1mage data and obtaining an
average value thereof.

More particularly, in this second embodiment, pixel data
generated in the first embodiment, such as Z, ,, ;5, Or
Z , 1S not generated but only pixel datasuch asZ__ 11, 1)

n-1(1.5, I

or Z, 1.1, 1.5y 18 obtained by a value-averaging operation.

In the amount-oif-movement detection device of the sec-
ond embodiment, the same amount-of-movement detection
as the above-described first embodiment 1s performed with
third hierarchical image data 83, , generated in this way.
Therefore, 1n the amount-of-movement detection device of
the second embodiment, an increase in the amount of
calculation 1n the third hierarchy can be reduced about twice
the amount of calculation of a normal hierarchical block
matching method.

Incidentally, for example, when a horizontal movement of
2 pixels in the first hierarchical image data occurred as
shown in FIGS. 6A and 6B, extreme image compression
frequently occurs in the detection of the amount of move-
ment in the third hierarchy and it becomes difficult in many
cases to obtain an accurate amount of movement. However,
when there is no vertical movement, an amount of move-
ment in that vertical direction is accurately obtained in many
cases because the image shrinkage does not occur in the
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vertical direction. Also, on the one hand, when a movement
of 2 pixels occurred in the vertical direction, extreme image
compression frequently occurs in that direction and it
becomes difficult in many cases to obtain an accurate
amount of movement, but when in such case there is no
horizontal movement, the amount of movement in the hori-
zontal direction is accurately obtained in many cases. There-
fore, when the block phase greatly shifts either in the vertical
direction or in the horizontal direction, there are many cases
where a relatively accurate amount of movement is obtained.

On the other hand, when a movement of 2 pixels (+4
pixels) occurs in the vertical and horizontal directions, the
possibility of obtaining an inaccurate amount of movement
is increased because in many cases an extreme image
compression occurs in the vertical and horizontal directions.

In view of this, the second embodiment performs only the
detection of the amount of movement of the phase when the
movement of 2 pixels (4 pixels) occurs in the vertical and
horizontal directions, in addition to a normal hierarchical
block matching method.

More particularly, if a description is made with reference
to FIG. 9, on the one hand, the amount-of-movement detec-
tion in the third hierarchy by a normal hierarchical block
matching method is performed only for the positions marked
“(™®", when the search range was. +8 in both the horizontal
and vertical directions. On the other hand, in the second
embodiment, in addition to the positions marked “@)”, the
third hierarchical image data (*_”) adjacent in the oblique
directton of the normal third hierarchical image data (“®)”")
1s generated by overlapping and selecting predetermined
image data of a lower hierarchy, and the amount of move-
ment 18 detected based on these two types of pixel data.
Therefore, even if the block phase changes in both the
vertical and horizontal directions in which an amount of
information is most easily lost in the hierarchical block
matching method, a reduction in the amount of information
of a higher hierarchy could be reduced and the accuracy of
detection of the amount of movement can be enhanced.

According to the above-described construction, higher
hierarchical image data multiplexed in the oblique direction
is generated by selecting predetermined pixels overlapping
with each other from a lower hierarchical image data and
obtaining an average value thereof, and, in that higher
hierarchical data, the amount of movement is detected with
finer than 1-pixel accuracy. Thereby, accuracy in the detec-
tion of the amount-of-movement can be enhanced and also
the amount of calculation can be reduced.

(3) Third Embodiment

In the above-described first and second embodiments,
accuracy in the detection of the amount of movement has
been enhanced by generating third hierarchical image data
S3,_; of a structure multiplexed in advance. However, in
this third embodiment, the same processing as the amount-
of-movement detection of the third hierarchy by normal
hierarchical block matching is first performed as a first step.
More particularly, the amount-of-movement detection is
pertormed by using only the pixel marked “®” in FIG. 10
as a pixel of a candidate block, and a pixel whose evaluation
value is higher among them, i.e., a pixel which can be
considered a moving block is selected.

Thereafier, in a second step, the amount-of-movement
detection of 0.5-pixel unit is performed on the candidate
vector, For example, when the motion vector detected in the
first step i1s (-1, 1), in the second step, the amount of

10

15

20

25

30

35

40

45

50

55

60

65

12

movement 1s detected only at the position marked “_” of
FIG. 10. Therefore, in the amount-of-movement detection
device of the third embodiment, an increase in the amount
of calculation in the third hierarchy can be greatly reduced.

More particularly, in the amount-of-movement detection
device of the third embodiment, the evaluation values of the
motion vector detected in the first step and the 8 positions
searched 1n the second step are compared, and the highest
evaluation value 1s used as an amount of movement in the
third hierarchy.

In fact, the amount-of-movement detection of the third
hierarchy of the third embodiment is realized by a circuit
such as that shown in FIG. 11. More particularly, in FIG. 11,

in which the same reference numerals are applied to the
sections corresponding to FIG. 1, the third hierarchy
amount-of-movement detection circuit 14 detects the
amount of movement of the third hierarchy by executing the
first step at a section indicated by AR1 and executing the
second step at a section indicated by AR2.

A block address, on the one hand, is first output from a
memory control circuit 13 to a memory 6 in which third
hierarchical image data S3, has been stored and then the
pixel data of a reference block, which is a standard for
obtaining the amount of movement, is read from the memory
6. On the other hand, a block address is first output from the
memory control circuit 13 to a memory 12 in which third
hierarchical image data S3,_; has been stored, and then the
pixel data of a candidate block corresponding to block of the
third hierarchical image data S3,, read from the memory 6 is
read from the memory 12. Hence, in this embodiment, the
third hierarchical image data S3, _,, which is read from the
memory 12, is not third hierarchical image data multiplexed
as the first embodiment but normal third hierarchical image
data.

The output signal from the memory 6 is supplied through
a register 31 to an adder 53, and also the output signal from
the memory 12 is supplied through a register 52 to the adder
53. The adder 53 obtains the difference between the pixel
corresponding to the third hierarchical image data of the nth
frame and the pixel corresponding to the third hierarchical
image data of the (n-1)th frame corresponding to the third
hierarchical image data of the nth frame. After the difference
data for each pixel has been absolutized by an absolutizing
circuit 54, the absolutized data is accumulated in an adder 55
and a register 56. The operation of Equation (6) is executed
in this way, and the resultant evaluation value is input to an
evaluation value memory 57.

The evaluation value stored in the evaluation value
memory 57 1s read according to an address specified by an
evaluation value memory control circuit 58 and is input to a
comparator 60 and a register 61.

The comparator 60 successively compares the other input
thereof with the evaluation value read by the evaluation
value memory 57 and, when the input evaluation value is
smaller, it outputs a signal for updating the contents of
registers 61 and 62.

Addresses for reading the evaluation value memory 57 are
set 1n sequence to this register 62. The evaluation values
stored in sequence in the evaluation value memory 57 in this
way are evaluated, an address giving the minimum of the
evaluation value is sent from the register 62, and this is
supplied as a motion vector to a memory control circuit 63.
The processing of the first step is executed in this way.

When the first step is completed, an address signal is sent
from the memory control circuit 63 to a memory 10. This is
for performing the detection of movement of 0.5-pixel
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accuracy around the vector obtained in the first step, and the
memory 10 supplies the second hierarchical data based on
the address signal to a third hierarchical data generation
circuit 64.

The third hierarchical data generation circuit 64 is basi-
cally identical in operation with the third hierarchical data
generation circuit 11 described in FIG. 1, and the third
hierarchical data multiplexed are generated {from the second
hierarchical data. On the one hand, the third hierarchical

data generation circuit 64 generates the third hierarchical
data by performing an operation such as that shown 1n
Equation (5) and stores it in 2 memory 63 once. However,
since data such as Z,_,;_ 1, has been generated in the third
hierarchical data generation circuit 11 and is not used
hereinafter, it is not generated here. On the other hand, the
output signal from the memory 6, i.e., the third hierarchical
data of the block of a current frame being monitored is
supplied through a delay circuit (DL) 66 and a register 67 to
an adder 69. Also, the output signal from the memory 65 is
supplied through a register 68 to the adder 69.

The adder 69 obtains the difference between the pixel
corresponding to the third hierarchical image data of the nth
frame and the pixel corresponding to the third hierarchical
image data of the (n-1)th frame, corresponding to the third
hierarchical image data of the nth frame. After the difference
data for each pixel has been absolutized by an absolutizing
circuit 70, the absolutized data i1s accumulated in an adder 71
and a register 72. The operation of Eguation (7) is executed
in this way, and the resultant evaluation value is input {o an
evaluation value memory 73.

The evaluation value memory 73 stores an evaluation
value, which is an accumulative addition value of an abso-
lute value of a difference between blocks having an offset of
0.5 pixel. The evaluation value stored in the evaluation value
memory 73 is read according to an address specified by an
evaluation value memory control circuit 74 and 1s input to a
comparator 75 and a register 76.

The comparator 75 successively compares the other input
thercof with the evaluation value read by the evaluation
value memory 73 and, when the input evaluation value 1s
smaller, it outputs a signal for updating the contents of
registers 76 and 77.

Addresses for reading the evaluation value memory 73 are
set 1n sequence to the register 77. The evaluation values
stored in sequence in the evaluation value memory 73 in this
way are evaluated, an address giving the minimum of the
evaluation value is sent from the register 77, and this is
supplied as a motion vector of the third hierarchy to the
memory control circuit 15 for the amount-of-movement
detection of the second hierarchy. With this, the processing
in the second step 1§ completed.

Thereafter, the amount-of-movement detection device of
the third embodiment detects the final amount of movement
of the first hierarchical image by performing the same
processing as the first embodiment.

According to the above-described construction, normal
amount-of-movement detection of the third hierarchy 1is
performed by the first step, and for the periphery of a pixel
whose amount of movement is considered large based on
this detection result, a higher hierarchical data multiplexed
about that periphery is generated by the second step. In that
higher hierarchical data, the amount of movement is
detected with accuracy finer than one-pixel accuracy.
Thereby, accuracy in the detection of the amount-of-move-
ment can be enhanced and the amount of calculation can be
reduced effectively.
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(4) Fourth Embodiment

While it has been described in the above first, second, and
third embodiments that current {rame data 1s used as a
reference block and the amount of movement is obtained by
moving by a search range the past iframe data generated by
multiplexing, in this fourth embodiment, the current frame
data, which become a reference block, is multiplexed.

In addition to this, in the fourth embodiment all of the
hierarchical images of one frame are not generated in
advance but the hierarchical image is generated for each
block being monitored. Therefore, in the amount-of-move-
ment detection device of the fourth embodiment, accuracy in
the detection of the amount of movement can be enhanced
with the state in which an overall amount of calculation and
an amount of memory used have been reduced.

That 1s, in the amount-of-movement detection device of
the fourth embodiment, second hierarchical data 1s gener-
ated by the second hierarchical data generation circuit 3 of
FIG. 1 only for peripheral data of a block being currently
monitored among current frame data. More particularly,
when the size of the first hierarchical block whose amount
of movement 18 obtained 8x8, the second hierarchical block
size becomes 4x4 but there is generated data of 6xX6 which
is enlarged one pixel by one¢ pixel in the up and down
directions and right and left directions. That 1s, some other
peripheral block data is also used.

The output signal of the second hierarchical data genera-
tion circuit 3 is supplied to the memory 4, and the output
signal of the memory 4 is supplied to the third hierarchical
data generation circuit 5. The third hierarchical data gen-
eration circuit § generates the third hierarchical 1image data
from the supplied second hierarchical image data. More
particularly, one pixel of third hierarchical image data 1s
generated by calculating an average value from the image
data of a small region of 2x2 of second hierarchical image
data.

The third hierarchical data generation circuit 5 generates
third hierarchical data only for peripheral data of a block
being currentlv monitored. More particularly, when the size
of the block whose amount of movement obtained 18 8X83,
the third hierarchical block size becomes 2x2, but data of
4x4 which is enlarged one pixel by one pixel in the up and
down directions and right and left directions i1s generated
based on second hierarchical data of 6x6 supplied {from the
second hierarchical data generation circuit 3. That 1s, third
hierarchical image data of a current frame multiplexed 1is
generated by using some peripheral data as well.

For example, the third hierarchical data generation circuit
5 generates not only normal third hierarchical image data
such as that shown by Equation (2) but also data that is
shifted in phase to be positioned midway between the image
data generated with Equation (2).

Also, in this embodiment, the second hierarchical data
generation circuit 9 generates the second hierarchical data
for data in a range in which a block being currently moni-
tored is moved by a predetermined search range. Further, the
third hierarchical data generation circuit 11 does not gener-
ate third hierarchical image data multiplexed but generates
normal third hierarchical image data.

Therefore, 1n the third herarchical data generation circuit
14 of the fourth embodiment, an evaluation value in offset
coordinates (X, y) is obtained by the following equation:

E(B,ﬂ)zlzn{1,1)“Zﬂ—1(1,l)I+IZn(2,1)""Z ——l(2,1)l+IZn(1,2)_Zn—1(1.2]l+lzn(2,
2)_211—1(2.2}1

Ew.5.07n0.5,17 Zn-100, 1 Znc1 5,17 Ln- 12,0y H 0.5 25 Zn1¢1.23|F
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IZH(I .5,2]*Zn—- 1 (2,2)]

E{Dﬂﬁ)_lzn(lﬂﬁ) ~Z —1(1, l)I-HZn(Z 0.5y ZLn-— 1(2, 1)|+[Zn{1 1.5yZn 1(12)""
IZH(ZIS) ~Z, 1(22)'

E(n.s,uj:'zlzn(n.ﬁ,u.ﬂ)_ Zn—l(l 1)""'2 (1.5,0.5) Zn 1(2,1)"*“2@.5,1‘5)_2”— 5
1(1,2) +|Zn(1.5.1.5)_zn—1{2,2)l (8)

In order to reduce memory for hierarchical data storage,

a method cannot be used for generating hierarchical data of
one frame in advance. Therefore, a method of generating 10
data each time for peripheral data of a block being monitored

1s advantageous in that the amount of a memory used is
reduced.

However, in a method in which current frame data is used
as reference data and past frame data is moved by a search 15
range, when hierarchical data are multiplexed and an amount
of movement of less than one pixel is detected, the amount
of calculation for multiplexing past frame data is increased.
Particularly, as the search range becomes larger, the amount
of calculation is increased. 20

In view of this, in the fourth embodiment, hierarchical
data 1s generated for each block being monitored, and
current frame data which become a reference block is also
multiplexed. Therefore, in the fourth embodiment, the
amount of calculation required for generating hierarchical 75
data can be greatly reduced and the amount of memory used
can also be greatly reduced.

According to the above-described construction, hierarchy
data 1s generated for each block being monitored, and higher
hierarchical data multiplexed is generated for current frame 30
data which becomes a reference block. In this higher hier-
archical data, the amount of movement is detected with
accuracy finer than one-pixel accuracy. Thereby, accuracy in
the detection of the amount of movement can be enhanced
and also the amount of calculation and the amount of 15
memory used can be reduced.

(5) Fifth Embodiment

In a amount-of-movement detection method of this fifth
embodiment, higher hierarchical data multiplexed is gener-
ated from lower hierarchical data overlapped and the amount
of movement is detected with the higher hierarchical data
multiplexed, as in the first embodiment. In addition to this,
activity information reflecting the high-frequency compo-
nent of an image is also hierarchized and reference is made
to an evaluation value in this activity information so that the
amount of movement can be detected with a higher degree
of accuracy.

More particularly, in the amount-of-movement detection
method of the fifth embodiment, image data of plural
hierarchies 1s formed for an base image by an average value
hierarchization method, and data indicating of a high-fre-
quency component of each hierarchy (hereinafter referred to
as “activity”) is also hierarchized (activity hierarchization)
to form activity data, and the amount of movement is
detected for each hierarchy with these data.

In fact, for image data and activity data hierarchized, an
evaluation value is obtained in sequence in order of higher
hierarchy by a block matching method. The amount of ¢,
movement 18 obtained by determining these values uni-
formly. By making compensation for this amount of move-
ment and making reference to it when the evaluation values
of lower hierarchies are obtained in sequence, a final amount
of movement of the base image is detected. 65

An example of hierarchized image data generation is
shown in FIGS. 12A and 12B. FIG. 12A illustrates the case
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35
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in which image data hierarchized into three hierarchies is
generated for a base image, and the first hierarchy is the base
image. If image data of a higher hierarchy than the block,
e.g2., 16Xx16, in the base image, i.e., image data on the n-th
hierarchy, is expressed by M, (X, y), it can be obtained by
taking an average like the following equation:

1 1 1 (9)
Mr(x, y) =~ :_ED E_EUMH-:l(hH 2y +J)
The block size becomes Y2 in the horizontal and vertical
directions, respectively. Also, when the image data of the
second hierarchy is generated from the image data of the first
hierarchy averaged in this way, they are also obtained in the
same way by Equation (9).

While, in the amount-of-movement detection methods of
the first to fourth embodiments using an hierarchical image,
only the average value hierarchizing of FIG. 12A is per-
formed, in this embodiment, the image data hierarchized and
averaged by Equation (9) is generated and, at the same time,
activity data is generated by activity-hierarchizing the image
data hierarchized and averaged as shown in FIG. 12B. If the
activity data of the second hierarchy is expressed by A2(x,
y), it is obtained by the following equation:

13 e )

AZ(-I: }’) 4 I:IED I:EO IM1(2x + 1, 2}’ +.}) Ml(x: }’)|
by a sum of absolute values of differences between corre-
sponding pixels of the base image from the image data
hierarchized and averaged. Likewise, the activity data of the
third hierarchy A3(x, y) is obtained by the following equa-

tion:

(10)

1 3 3 _ (1)
As(x, y) = i—IED IE:O IMi{(dx + i, 4y + j) — Ms(x, )i

High-frequency components faithful to the base image can
be extracted by obtaining all of the activity data based on the
base image.

If the activity data is obtained in this way, the hierarchical
structure becomes as shown in FIG. 12B and have hierar-
chical planes other than the lowest h1erarchy This actlvuy
data 1s to reflect a feature amount that is omitted in the image
data when the average-value hierarchization was made.

For example, when a block comprising pixels x1, x2, . .
. » X15, and x16 of the image data of the base image such as
that shown in FIGS. 13A and 13B is hierarchized as a first
hierarchy, pixels y1, y2, y3, and y4 in the image data of the
second hierarchy of the average-value hierarchizing is
obtained, based on Equation (9), by the following equation:

Y1=(x1+x2+x3+x4)/4

y2=(x5+x6+x7+x8)/4
y3=(x9+x10+x11+x12)/4

ya=(x13+x14+x15+x16)/4 (12)

Further, pixel z1 in the image data of the third hierarchy in
which the average-value hierarchization was made is also
obtained, based on Equation (9), by the following equation:

Z1=(y1+y2+y3+y4)/4 (13)

Also, 1n a similar way, the activity data of the second
hierarchy of the activity hierarchization is obtained, based
on Equation (10), with pixels y1, y2, y3, and y4 in the image
data of the second hierarchy in which the average-value
hierarchization was made and with pixels x1, x2, . . ., x185,
and x16 of the image data of the first hierarchy by the
following equation:
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al=(lvl—-xIMHyl—-x2-vl-x3+iv]1-x4[)/4
a2=(lv2—x54ty2—x6H-y2-x7+1v2-x8l)/4
a3=(Iv3—x9+Hy3—x10Hy3—x11Hy3—x12 1)/4

ad=(ivd—x13+yd—x14l+yd—x15+Ivd—x16l)/ (14)

Further, the activity data of the third hierarchy in which the
activity hierarchization was made are obtained, based on
Equation (11), with pixel z1 of the image data of the third
hierarchy in which the average-value hierarchization was
made and with pixels x1, x2, . . ., x15, and x16 of the image
data of the first hierarchy by the following equation:

bl = (lz] —x1i+1z1 - x2| + Iz] — x3! + (15)

121 — x4l + lz1 — x50 4+ (21 — x6l +

izl —x7] + 121 — 28l + Iz1 — xBl +

2l —z10i + [z1 —x111 + 121 —x12t
. z1 —x14i+iz]l —x15i +
z1 — x161/16

With the average-value hierarchized image data and the
activity-hierarchized activity data obtained as described
above, an amount-of-movement detection by a block match-
ing method 18 performed at each hierarchy. More particu-
larly, 1f a current field 1s expressed by “t”, the evaluation
function of the block matching will be expressed by the
following equation:

z1l —x13|1 +

E (Nt Vo) =Z T IM-200 — 1y — (16)

XYy
2”n+h Y¥—vy,- 2vn+f) _ M”I(I, y)l

where (u,, v,) represents the amount of movement at the
n-th hierarchy V' =(u,, v,) giving the minimum of this
evaluation function E(Y), is assumed to be the amount of
movement. The amount of movement V, at a current hier-
archy gives a final amount of movement from the relation-
ship of the following equation:

V=V +2V_ (17)

‘The evaluation function of this embodiment 1s expressed
by the following equation:

E (D)n(un, va) = Z T 1A, *(x — ttn — 2ttps1, (18)

x Y
Y = Vi~ V) — A (x Y

the activity data of FIG. 12B is evaluated by Equation (16).
New evaluation function E(G),, is expressed by the follow-
ing equation:

E(G),=w-E(Y),+w,-E(D), (19)

where w, and w, are weight coethicients. The amount of
movement giving the minimum of evaluation function E(G),,
1s obtained. Note that, in the lowest hierarchy, only evalu-
ation by evaluation function E(Y), of Equation (16) is
performed since activity data does not exist.

By evaluating with both the average-value hierarchized
image data and the activity-merarchized activity data, even
if one optimum evaluation value of the hierarchy is an
erroneous detection, accurate detection can be made with
another evaluation value. Therefore, accuracy in the detec-
tion of the amount of movement at each hierarchy is
enhanced. If the accuracy in the detection of the amount of
movement at each hierarchy is enhanced, the final amount of
movement obtained by Equation (17) wiil also be enhanced.
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The amount-of-movement detection processing proce-
dure SPO of this embodiment is shown in FIG. 14. In step
SP1, a base image on two screens that are compared 1s
blocked. In step SP2, the image data of the first hierarchy,
the second hierarchy, and the third hierarchy 1s generated by
average-value hierarchizing the blocked base 1mage accord-
ing to Equation (9) and also the activity data of the second
hierarchy and the third hierarchy i1s generated by activity-
hierarchizing the blocked base image according to Equations
(10) and (11).

In step SP3, 1t is determined whether the currently pro-
cessed hierarchy 1s the lowest hierarchy. If a negative result
is obtained, it is determined in step SP4 if searching has
ended for all search regions. If a negative result 1s obtained,
11 step SP3 the evaluation by evaluation functions E(Y),, and
E(D), described with reference to Equations (16) and (18) is
performed with the current and past data of the image data
and the activity data, and step SPS returns o step SP4.

It an affirmative result 1s obtained 1n step SP4, step SP4
proceeds to step SP6 to periorm the evaluation by new
evaluation function E(G),,, which i1s obtained by Equation
(19) with evaluation functions E(Y), and E(D),, obtained for
the 1mage data and the activity data of a predetermined
hierarchy, in order to obtain an optimum evaluation value,
and step SP6 proceeds to step SP7. In step SP7, the amount
of movement 1s determined by the optimum evaluation
value, in step SP8 the amount of movement is added to be
applied to lower hierarchies, and step SP8 returns (o step
SP3. If a negative result is obtained in step SP3, step SP3
proceeds to step SP9Y, in which processing procedure SPQ of
the amount-of-movement detection method is terminated.

Thus, 1n the search within the searching region, by
uniformly determining by Equation (19), an optimum
amount of movement is obtained the evaluation value of the
image data which has been average-value-hierarchized from
the highest hierarchy and the evaluation value of the activity
data which has been activity-hierarchized, and a final
amount of movement is obtained by repeating the process up
to the lowest hierarchy by applying the amount of movement
obtained by Equation (17) to lower hierarchies. In this
manner, the amount of movement is obtained by comparing
the amount of movement obtained only with the image data
of the average-value hierarchization and by taking into
consideration the evaluation value obtained by the activity
data comprsing the high-frequency components of each
hierarchy, so that the error determination by the method of
taking an average can be etfectively prevented and, there-
fore, the amount of movement can be detected with a high
degree of accuracy.

The amount-of-movement detection device, which uses
the amount-of-movement detection method of this embodi-
ment, 18 constructed as shown in FIG. 15. It 1s to be noted
that the same reference numerals will be applied to the
corresponding sections as in FIG. 1. Average-value hier-
archization circuits 3, 5, 9, and 11 of FIG. 15 are identicai
in construction and operation to the second hierarchical data
generation circuit 3, the third hierarchical data generation
circuit S, the second hierarchical data generation circuit 9,
and the third hierarchical data generation circuit 11 in FIG.
1.

The amount-of-movement detection device 100, in addi-
tion to hierarchy processing sections 1A and 1B, has activity
hierarchy processing sections 100A and 100B for generating
hierarchized activity data. The amount-of-movement detec-
tion device 100 generates hierarchized activity data of a
current frame at the activity hierarchy processing section
100A and also generates hierarchized activity data of a
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previous frame at the activity hierarchy processing section
100B.

An activity hierarchization circuit 101 of the activity
hierarchization processing section 100A executes the activ-
ity hierarchy processing by Equation (10), with first hierar-
chical image data S1, and second hierarchical image data
S2, from the average value hierarchization circuit 3, and
then obtains activity data P2, of the second hierarchy. The
activity data P2, is stored in a memory 102.

An activity hierarchization circuit 103 executes the activ-
ity hierarchization processing by Equation (11), with first
mierarchical image data S1, and third hierarchical image
data S§3, from the average value hierarchization circuit 5,
and then obtains activity data P3, of the third hierarchy.
Activity data P3,, is stored in a memory 104.

Likewise, in the activity hierarchy processing section
100B for generating hierarchized activity data of a previous
frame, an activity hierarchization circuit 105 receives first
hierarchical image data S1, , of a previous frame and
second hierarchical image data S2__, from the average value
hierarchization circuit 9. The activity hierarchization circuit
105 obtains second hierarchical activity data P2__, based on
Equation (10), with the first hierarchical image data S1,__,
and second hierarchical image data S2,_,. The activity data
P2, , is stored in a memory 106.

An activity hierarchization circuit 107 obtains third hier-
archical activity data P3, _; multiplexed based on Equation
(11), with first hierarchical image data S1__, and multi-
plexed third hierarchical image data S3,_, from the average
value hierarchization circuit 11. Multiplexed activity data
P3,_, 1s stored in a memory 108. Multiplexed third hierar-
chical activity data P3,_, corresponds to multiplexed third
hierarchical image data S3,_, shown in FIG. 3B and can be
expressed as shown in FIG. 16B.

The hierarchical image data and the hierarchical activity
data stored in each memory in this way is read at each
predetermined block of each hierarchy by the amount-of-
movement detection section 100C, and the moving quanti-
ties is obtained sequentially in order of higher hierarchy.

For actual amount-of-movement detection, in the third
hierarchy being the highest hierarchy, the image data of a
previous frame stored in the memory 12 and the activity data
of a previous frame stored in the memory 108 is first read
within a search as candidate blocks, and supplied to a third
hierarchy amount-of-movement detection circuit 110. Also,
the image data of a current frame stored in the memory 6 and
the activity data of a current frame stored in the memory 104
1s read as reference blocks, and supplied to the third hier-
archy amount-of-movement detection circuit 110.

Such reading of the image data and the activity data of the
third hierarchy is performed based on a block address from
a memory control circuit 109. The memory control circuit
109 sends to the memories 12 and 108 a block address for
reading a candidate block in a search range at a unit of 0.5
pixels. It is to be noted that, for the position of the block that
1$ read at the same point in time by the memory control
circuit 109, the memory 6 and the memory 104 are the same
position, and the memory 12 and the memory 108 are the
same position.

The third hierarchy amount-of-movement detection cir-
cuit 110 obtains evaluation values based on evaluation
function E(Y), of Equation (16) and evaluation function
E(D); of Equation (18), using the image data and the activity
data input to the circuit 110. The evaluation values are
weighted according to weight coefficients w, and w.,, as
shown in Equation (19), and are added to obtain new
evaluation function E(G),. The amount of movement is

detected based on this new evaluation function E(G)..
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In fact, the third hierarchy amount-of-movement detec-
tion circuit 110 and the second hierarchy amount-of-move-
ment detection circuit 112 are constructed as shown in FIG.
17. Since the second hierarchy amount-of-movement detec-
tton circuit 112 is identical in construction to the third
hierarchy amount-of-movement detection circuit 110, a
description will be made with reference to the third hierar-
chy amount-of-movement detection circuit 110.

The third hierarchy amount-of-movement detection cir-
cuit 110 inputs third hierarchical image data S3, and S3,_ _,
from the memories 6 and 12 to the registers 31 and 32 of an
image data evaluation value calculating section 150. This
image data evaluation value calculation section 150 executes
the same accumulative addition processing as the first
embodiment and outputs, from a register 36 thereof, an
evaluation value for average value image data. Thus, the
operation of Equation (16) is executed in the image data
evaluation value calculation section 150.

The third hierarchy amount-of-movement detection cir-
cuit 110 also inputs third hierarchical activity data P3, and
P3, _, from the memories 104 and 108 to registers 131 and
132 of an activity data evaluation value calculation section
151. This activity data evaluation value calculation section
151 executes similar accumulative addition processing for
activity data P3, and P3,_,, as the image data evaluation
value calculation section 150 did for image data S3, and
S3,_,, and outputs, from a register 136 thereof, an evalua-
tion value for activity data. Thus, the operation of Equation
(18) is executed in the activity data evaluation value calcu-
lation section 151.

The evaluation value for average value image data output
from the image data evaluation value calculation section 150
is multiplied by weight function w, in a subsequent multi-
plication circuit 152 and then supplied to an addition circuit
154. Also, the evaluation value for activity data output from
the activity data evaluation value calculation section 151 is
multiplied by weight function w, in a subsequent multipli-
cation circuit 153 and then supplied to the addition circuit
154. As a result, the addition based on Equation (19) is
executed in the addition circuit 154, and the result of the
addition is supplied as a new evaluation value to an evalu-
ation value memory 37.

The Evaluation value memory 37, an evaluation value
memory control circuit 38, a comparison circuit 40, a
register 41, and a register 42 of FIG. 17 are identical in
construction to those of the first embodiment described with
reference to FIG. 7, and an address giving the minimum of
a new evaluation value, which takes the evaluation value of
the activity data into consideration, is finally output from the
register 2. This address is supplied as a motion vector of the
third hierarchy to a memory control circuit 111 of the second
hierarchy.

'The memory control circuit 111 outputs a block address to
the memories 10 and 106 so that the search range becomes
(1) from a position offset by the amount that the amount of
movement 1n the third hierarchy is converted to the scale of
the second hierarchy. Second hierarchical image data S2,
and second hierarchical activity data P2, _,, which are read
from the memories 10 and 106 based on this block address,
are sent to the second hierarchy amount-of-movement detec-
tion circuit 112.

The second hierarchy amount-of-movement detection cir-
cuit 112, as with the third hierarchy amount-of-movement
detection circuit 110, detects the motion vector of the second
hierarchy based on a new evaluation value, which takes into
consideration the evaluation value of the activity data as
well as the evaluation value of the image data, and sends the
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result of the detection to a memory control circuit 113 of the
first hierarchy. It 1s to be noted that, in the detection of the
amount of movement of the second hierarchy, since the
image data and the activity data muitiplexed as the third
hierarchy do not exist, the block matching is performed not
at a unit of 0.5 pixel but at a unit of one pixel.

The memory control circuit 113 outputs a block address to
the memory 8 so that the search range becomes (1) from a
position offset by the amount that the amount of movement
in the second hierarchy is converted to the scale of the first
hierarchy. First hierarchical image data S1,_,, which 1s read
from the memory 8 based on this block address, 1s sent to a
first hierarchy amount-of-movement detection circuit 114.

The first hierarchy amount-of-movement detection circuit
114 is identical in construction to the amount-of-movement
detection circuit 14 of the first embodiment described with
reference to FIG. 7, and detects the amount of movement
based on only the evaluation value of the image data. The
first hierarchy amount-of-movement detection circuit 114
adds up this amount of movement 1n the first hierarchy and
the previously obtained amount of movement in the second
hierarchy converted to the scale of the first hierarchy, and

this is output through an output terminal as a final amount of
movement MV 1n the first hierarchy.

In the above-described construction, the amount-ofi-
movement detection device 100 of the fifth embodiment, 1n
addition to hierarchical image data S2 , 82 ,, 83,, and
S3__. by the value-averaging operation, generates hierarchi-
cal activity data P2, , P2, _,, P3, , and P3, _,, which reflect the
fransient component of an image. Further, image data S3,,_,
and activity data P3, , of the third hierarchy, which is the
highest hierarchy, are multiplexed and generated.

The amount-of-movement detection device 100 obtains
the amount of movement in the third hierarchy, by separat-
ing the candidate block from multiplexed image data S3,
and activity data P3,_, and also the reference block fror
image data S3, and activity data P3,, 1n the third hierarchy,
and by uniformly determining them by block matching.
Therefore, accuracy in the detection of the amount of
movement can be greatly enhanced compared to the case in
which only the average-value hierarchy image is used.

The amount-of-movement detection device 100 obtains
the amount of movement in the second hierarchy, by making
compensation for the amount of movement in the third
hierarchy and separating the candidate block from image
data S2,_, and activity data P2, _, and also the reference
block from image data S2 and activity data P2 , in the
second hierarchy, and by uniformly determining them by
block matching. As a result, accuracy in the detection of the
amount of movement in the second hierarchy can also be
enhanced. The amount-of-movement detection device 100
finally makes compensation for the movement of the amount
of movement in the second hierarchy and then obtains the
amount of movement of the first hierarchy. This 18 output as
a final amount of movement MV,

According to the above-described construction, hier-
archized activity data P2, P2 _,, P3,, and P3, , are gen-
erated in addition to generating multiplexed data S3,_; of
the highest hierarchy, and the amount of movement 1s
obtained by uniformly determining in each hierarchy the
hierarchical image data and the hierarchical activity data by
block matching. Therefore, accuracy in the detection of the

amount of movement for a final base 1mage can be further
enhanced.

1ents

(6) Other Embodi

(6-1) While, in the above-described embodiments, the
image data of three hierarchies has been generated from a
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base i1mage by an average-value hierarchization method, the
number of hierarchies 1s not limited to this, but the same
cffect as the above-described embodiments can be obtained
even two hierarchies or more than three hierarchies. Also,
while, in the average-value hierarchization, one block of a
higher hierarchy has been generated by taking an average
value of the block of 2x2 of a lower higher hierarchy, this
invention is not limited to this block range and the average
value. For example, the higher hierarchical data may be
generated by smoothing data with a low-pass filter.

(6-2) Also, while, in the above-described embodiments, a
sum of absolute values of differences between blocks has
been used in the evaluation functions of Equation (6) or (16)

in order to obtain an evaluation value for block matching,
the same effect as the above-described embodiments can be

obtained even if a square sum of differences or correlation
coeflicients are used as an evaluation function for block
matching.

(6-3) Also, while, in the above-described embodiments,
the amount-of-movement detection of the 0.5 pixel unit has
been performed 1n higher hierarchies by generating multi-
plexed data of the higher hierarchies. However, this inven-
tion is not limited to the amount-of-movement detection of
the 0.5 pixel unit, but it is applicable to an amount-of-
movement detection of the 0.25 pixel unit, or an amount-
of-movement detection of a further finer unit.

Also, the selection of lower hierarchical data used for
multiplexing higher hierarchical data 1s not only limited to
examples of the above-described embodiments. The point
here is that multiplexed data of higher hierarchies 1s gener-
ated by selecting higher hierarchical data so that higher
hierarchical data overlaps lower hierarchical data.

(6-4) Also, in the above-described embodiments, only
third hierarchical image data S3n—1 has been multiplexed.
However, this invention is not only limited to this, but
second hierarchical data may be multiplexed by selecting
second hierarchical image data so that the second hierarchi-
cal image data overlaps the first hierarchical 1mage data.

(6-5) Also, in the above-described fifth embodiment, the
multiplexed pixels, which are adjacent to normal pixels of
the third hierarchy in the vertical, horizontal, and oblique
directions as in the first embodiment, have been generated
by the average-value hierarchization circuit 11. However,
this invention 1S not only limited to this, but the pixels
multiplexed only in the oblique direction as 1n the second
embodiment may be generated.

Also, in the fifth embodiment, two-step processing such
as that of the third embodiment may be introduced. If this is
done, the amount of calculation in the fifth embodiment can
be effectively reduced.

Further, in the fifth embodiment, a method of multiplex-
ing a current frame which becomes a reference block and
also generating a hierarchical image for each block being
monitored may be introduced, as is the fourth embodiment.
If this 1s done, the amount of calculation and the amount of
memory used of the fifth embodiment can be effectively
reduced.

(6-6) Also, although, in the above-described fifth embodi-
ment, an average value of the sum of absolute values of
differences has been used when activity hierarchization 1s
performed, a standard deviation or a dispersion value may be
used to perform activity hierarchization. After the high-
frequency component of an image 1s extracted by using a
Laplacian filter in preprocessing, activity hierarchization
may be performed. Further, with a dynamic range defined by
the difference between the maximum value and the muni-
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mum value of a base image, activity hierarchization may be
performed.

While where has been described in connection with the
preferred embodiments of the invention, it will be obvious
to those skilled in the art that various changes and modifi-
cations may be aimed, therefore, to cover in the appended
claims all such changes and modifications as fall within the
true spirit and scope of the invention.

What is claimed is:

1. A motion vector detection device for detecting a motion
vector betwéen a base image and a reference image, com-
prising:

means for outputting a base lower hierarchical image data

having a resolution higher than that of said base image;

means for outputting a base higher hierarchical image
data having a resolution lower than that of said base
lower hierarchical image data;

means for outputting a reference lower hierarchical image
data having a resolution higher than that of said refer-
ence image;

means for outputting multiplexed reference data multi-
plexing a reference higher hierarchical image data
having a resolution lower than that of said reference
lower hierarchical image data, with other reference
higher hierarchical image data having a resolution
lower than that of said reference lower hierarchical
image data and which is different in phase than said
reference higher hierarchical image data;

first motion vector detecting means for detecting a motion
vector between said base image and said reference
1mage, according to said base higher hierarchical image
data and said multiplexed reference data; and

second motion vector detecting means for detecting a
motion vector between said base image and said ref-
erence 1mage based on the motion vector obtained by
said first motion vector detecting means, according to
said base lower hierarchical image data and said ref-
erence lower hierarchical image data.

2. The motion vector detection device according to claim

1, further comprising:

means for generating base lower hierarchical activity data
representing the activity of said base lower hierarchical
image data, and base higher hierarchical activity data
representing the activity of said base higher hierarchi-
cal image data; and

means for generating reference lower hierarchical activity
data representing the activity of said reference lower
hierarchical image data, and multiplexed reference
activity data representing the activity of said multi-
plexed reference data; wherein

said first motion vector detecting means detects a motion
vector between said base image and said reference
image, according to said base higher hierarchical activ-
ity data and said multiplexed reference activity data,
and

said second motion vector detecting means detects a
motion vector between said base image and said ref-
erence image, according to said base lower hierarchical
activity data and said reference lower hierarchical
activity data.

3. The motion vector detection device according to claim

1, wherein:

saild means for outputting multiplexed reference data
outputs data corresponding to positions that are oblique
to said reference lower hierarchical image data.
4. The motion vector detection device according to claim
1, wherein:

said means for outputting multiplexed reference data
outputs data corresponding to positions adjacent to a
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selected one of said reference lower hierarchical image
data. -
5. A method for detecting a motion vector between a base

image and a reference image, comprising:

a process for outputting a base lower hierarchical image
data having a resolution higher than that of said base
image;

a process for outputting a base higher hierarchical image

data having a resolution lower than that of said base
lower hierarchical image data;

a process for outputting a reference lower hierarchical
image data having a resolution higher than that of said
reference image;

a process for outputting multiplexed reference data mul-
tiplexing a reference higher hierarchical image data
having a resolution lower than that of said reference
lower hierarchical image data, with other reference
higher hierarchical image data having a resolution
lower than that of said reference lower hierarchical
image data and which is different in phase than said
reference higher hierarchical image data;

a first process for detecting a motion vector between said
base image and said reference image, according to said
base higher hierarchical image data and said multi-
plexed reference data; and

a second process for detecting a motion vector between
said base image and said reference image based on the
motion vector obtained by said first process for detect-
Ing a motion vector, according to said base lower
hierarchical image data and said reference lower hier-
archical image data. |

6. The method for detecting a motion vector according to

claim 5, further comprising:

a process for generating base lower hierarchical activity
data representing the activity of said base lower hier-
archical image data, and base higher hierarchical activ-
ity data representing the activity of said base higher
hierarchical image data; and

a process for generating reference lower hierarchical
activity data representing the activity of said reference
lower hierarchical image data, and multiplexed refer-
ence activity data representing the activity of said
multiplexed reference data; wherein |

said first process for detecting a motion vector includes a
process for detecting a motion vector between said base
1mage and said reference image, according to said base
higher hierarchical activity data and said multiplexed
reference activity data, and

said second process for detecting a motion vector includes
a process for detecting a motion vector between said
base image and said reference image, according to said
base lower hierarchical activity data and said reference
lower hierarchical activity data.

7. The method for detecting a motion vector according to

claim §, wherein:

said process for outpuiting multiplexed reference data is
carried out by outputting data corresponding to posi-
tions that are oblique to said reference lower hierarchi-
cal image data.

8. The method for detecting a motion vector according to

claim 5, wherein:

said process for outputting multiplexed reference data is
carried out by outputting data corresponding to posi-
tions adjacent to a selected one of said reference lower
hierarchical image data.
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